Non-destructive analysis of extracellular matrix development in cardiovascular tissue-engineered constructs.
In the field of tissue engineering, there is an increasing demand for non-destructive methods to quantify the synthesis of extracellular matrix (ECM) components such as collagens, elastin or sulphated glycosaminoglycans (sGAGs) in vitro as a quality control before clinical use. In this study, procollagen I carboxyterminal peptide (PICP), procollagen III aminoterminal peptide (PIIINP), tropoelastin and sGAGs are investigated for their potential use as non-destructive markers in culture medium of statically cultivated cell-seeded fibrin gels. Measurement of PICP as marker for type I collagen synthesis, and PIIINP as marker of type III collagen turnover, correlated well with the hydroxyproline content of the fibrin gels, with a Pearson correlation coefficient of 0.98 and 0.97, respectively. The measurement of tropoelastin as marker of elastin synthesis correlated with the amount of elastin retained in fibrin gels with a Pearson correlation coefficient of 0.99. sGAGs were retained in fibrin gels, but were not detectable in culture medium at any time of measurement. In conclusion, this study demonstrates the potential of PICP and tropoelastin as non-destructive culture medium markers for collagen and elastin synthesis. To our knowledge, this is the first study in cardiovascular tissue engineering investigating the whole of here proposed biomarkers of ECM synthesis to monitor the maturation process of developing tissue non-invasively, but for comprehensive assessment of ECM development, these biomarkers need to be investigated in further studies, employing dynamic cultivation conditions and more complex tissue constructs.